RESTRICTED

REPORT No 2/70

COPY No '4

ROYAL NAVAL
PHYSIOLOGICAL LABORATORY
ALVERSTOKE /

LN . e
OVISIONAL G TABLES
b . 5
1 £ T € L
.r\ur— o -
T CLIf b1 g NIIDATTITNAM ARAYAN 1 { )
- SHORT DURATION DIVES (‘-LSS

PAR
— THAN 15 MINUTES BOTTOM TIME)

PART II - 1 HOUR AND 4 HOUR DURATION
DIVES
ny
Wi
. HEMPLEMAN AND C. TROTTER

This document is the property of H.M.Government. The contents may be
disclosed only within defence departments, except as otherwise authorised by
the Ministry of Defence

DEPARTMENT

OF

NAVAL PHYSICAL RESEARCH
MINISTRY .- DEFENCE

RESTRICTED




PROVISIONAL OXY-HELIUM DIVING TABLES
(200 feet - 500 feet) 1970

PART I - SHORT DURATION DIVES (LESS
THAN 15 MINUTES BOTTOM TIME)

PART II - 1 HOUR AND 4 HOUR DURATION
DIVES

BY

H.V. HEMPLEMAN AND C. TROTTER




TABLE OF CONTENTS

e % .« s .o ERC A s e 8 LIS e s e

nd theoretical background

ot
el
2
[a}]
L4

0
o)

Short and long deep dives present position

PART I

HORT DURATION DIVES (LESS THAN 15 MINUTES BOTTOM TIME

Some practical considerations ... ... ces eee enn
Use ¢f the Tables (Table I) Gik  wEE ey wws  wwe

Table I - Decompression Tables, short duration dives
P

i
=
o]

rgency procedures R T T 1T

i
o
o

12 2 - Emergency air breathing Table ... ... ...
PART 11

1 HOUR AND 4 HOUR DURATION DIVES

Praccical considerations +ee cee eee eee eee een
Use of the Tables (3 and 4) see  sae ses eee  ese
Table 3 - Decompression Tables, 1 hour bottom time ...

Table 4 - Decompression Tables, 4 hours bottom time

Table 5 - Oxygen and carbon dioxide tolerances s
Appendix I - Treatment of decompression sickness from
Oxy-he]ium div'ing L ae e L ) L

Table & - Oxy-helium recompression therapy SR o

18
i9

20
22
23
30
37

40



INTRODUCTIGH

a diver breathes air at a pressure of 3 atmospheres, that is
ing to 66 feet under the sea, then, as one-fifth of this total

is oxygen ne is breatning an oxyuen pressure of three-fifths of
chosphiere, and such a pressure of oxygen represents the maximum

permissible to avoid the ill-effects of prolonged oxygen breathing. Thus,
although air covers a great range of pressure-time possibilities, any attempt
to stay at pressures greater than 66 feet for prolonged periods will necessitat
a change to a lower oxygen content.  Deeper than 66 ft will hasten the onset
0? oxygen toxicity. ror example at 10 atmospheres of air pressurc, the

oxygen partial pressure is 2 atmospheres and this pressure cannot be safely
tolerated longer than 30 minutes.
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2. Additionally, althougih nitrogen does not react chemically witii .i¢ body
it does nevertiheless interfere with the functioning of the central nervous
s cm oand proﬁuces a state of stupefaction and unreliability at pressure

which is called "nitrogen narcosis”. This narcosis is just detectable in
most normal men at 100 feet depth on air and is obvious on all men at a depth
o7 300 feet. At 200 feet depth it is generally agreed that the nitrogen
pressure of air is too great for regular reliable work except by very
practised divers. Thus, for effective diving deeper than 200 feet a gas
other than nitrogen, associated with an appropriate oxygen pressure, is neces-
sary. There are only three possibilities: neon, hydrogen and helium, or

of course, various mixtures of these three. Mleon has been tested, and the
theoretical expectations that it would be better than nitrogen are justified.
liowever, neon is pronibitively expensive and this has led to it being

rejected for further work. Hydrogen, first breathed at pressure in 1941

in this country and later used by the Swedish Navy in certain experimental

sea dives, represents a distinct possibility for deep diving. Unfortunately,

it is explosive when nmixed with most concentrations of oxygen and is therefore

an exﬁ ﬁ;»?/ difficult gas to use from a safety view point and very little
exnerimental work has been pursued with this gas. All the deep-diving

exn .nentah1on forming the basis of these tables has been performed using
or;'ﬁ“fWﬂ1ium mixtures only. HNo ternary breathing mixtures of helium with

the above mentioned inert gases, or air, have been used as this would further
complicate an already complex situation and make experimental interpretation
even more difficult.

EXPIRRENTAL DATA AND THEORETICAL RACKGROUND

5 It was first established that prolonged breathing of oxy-helium at
relatively Tow pressures, eq. 40 feet, followed by rapid decompression to
atmospheric pressure, was a considerably safer procedure than corresponding
exposures of air, but conversely no-stop dives for short durations

(ec. 15 minutes) on the helium breathing mixture, could not be safely

percormed at pressures well established as safe when breathing air. Thus,

as wight be expected, the shape of the no-stop curve for helium is quite
markedly different from that of air. Helium is much less soluble i. all

body tissues than nitrogen, and hence the quantity of gas availab . Tor bubble
formation after prolonged exposure at pressure is considerably les: ~ .an that
of nitrogen. This accounts for the better performance on helium owing

a rolonged exposure. On the other hand, helium is a very rapidly ciffusing
gi: and for short periods will saturate body tissues corresponding . ore

réoidly than nitrogen, which partly contributes to the lower permi.. .
nc-stop limits for short duration dives. Due to this greater difius LilTty



iation and regression are much faster processes than with

botn | e format
nitrogen It was ca“iy established that the Haldane concept that rapid
decomp 3 atmospheres to 4 atmospnercs was just as safe as

rapid decowpression frc; 2 atmospheres to 1 atmosphere (ie constant ratio)
winilst representing a cood worklng ”Juotnes1s was not sufficiently accurate
to permit the calculation of safe dives. Defining the rc1at1onsn1p
beotween the safe decompression ratio. and pressure requires large numbers

0 ing at a variety of pressure-time combinations.  Such basic
cvidence has not yet been properly estaolished due to the difficulty of
finding the required large number of alunueers, but quidelines have been
obtained and are incorporated in tie schedules given in this report.

and elimination of the effects of breathing helium
blems awaiting proper quantitative answers. Never-
ence has accumulated to permit reasonable estimates

—-c

’ From an appraisal of past diving and following our own experimentation,
t became clear that helium saturates the body quite rapidly at first but

ith a 'tail' to the saturation curve which asymptotes in the order of six
hours. A small but significant difference was found between diving for

4 nours at 300 feet and diving for 8 hours. Such a difference could not be
ablished at much lower pressure, but this may be due to lack of sufficient

s::"1st1ca] validation or to adaptive changes of the body at hign pi
influencing the decompression. Following sLaqe decompression it be

that whereas the uﬁtake of helium gas seemed to be comnlete in the orde

G to 8 hours in most individuals, the elimination of the helium L:.L:UJ took

far longer, and the establishment of the kinetics of elimination of helium -
from tissues was the major difficulty. From the no-stop curve the shape of
“he uptake of helium was assumed to follow a similar course to that of
itrogen, but with altered time scale. An estimate was made of the rate
of elimination of helium using exactly the same shaped curve, but with an
extended time scale. Using these two curves for uptake and elimination of
nelium and following the esLab}1snvenL of a safe decompression ratio, it was
nossible to calculate decompression tables. Such tables were then put to
the test by “‘gos:ng men, two at a time, in dry chambers.  Only when 10 dives
on aJ separate individuals had Leen accomplished without signs or symptoms
of decompression sickness were sucih procedures further tested at sca. Failure
to compliete 10 successful dry dives caused a revision in the system of
calcutation. Such revisions of calculation generally involved reducing the
perimitted ratio or extending the time scale of the elimination of helium
curve or a combination of these two variables. By such means a number of
succassful dive procedures was established.

B A mathematical una]js1s of the successful pressure-timne courseéwas
undert uz , and the somewhat surprising fact was established that despite
& wide disparity in a1mes at depth and pressures used, a simple plot of
Dressure versus square root of deCOMuP“SS10n time y1e1ded a 11near curve.
This simple observation was then used for the calculation of several

sequent successtul dive profiles, eq. 1 hour at 450 feet and 600 feet,
¢ oinutes at 800 feet. The method was clearly promising and only minor
mowifications were needed for establishing the slope and intercepts of the
Tincar plot.

@ It was found from both the theoretical prediction and subsequent

testing, that a 15 minute dive to 500 feet required a decompression procedure
lasting approximately 53 hours. Using the available breathing apparatus it



ompression tine represented the limits of
1513 such anpurutus. From experiments
aat men could breathe pressures of air to
neriods not excond1nn one minute

. Consequently, it was decided that
hing oxy-helium from a bLreathing

¢ of air could be performed safely
ot. It was con“ﬁdﬁr“d that in the
chamber air couid be breathed during
L0 t}e uch S&lp“ level of the first

o the decision has been Lakh” that the diver will
naratus and be surrounded by air, the diving technique
y simnlified in wmany FLSpQCuS. Firstly, fixed

n the cylinder banks suppijing the diver witn

| such a procedure avoids the necessity for accuratc
"J vessel.  Secondly, being surrounded

1 insulation when compared witli being surrounded

"u.S w0 ’f‘

13vc?r;d is condic ra
compositions can be u
j breathing g
gas mixing on board L;
vwith air ensures good

by oxy-helium, and thus iv—r heating is much less of a pro u1em. Thirdly,
ther no neéd for complex life support systens to ensurc correct oxygen

and carbon dioxide levels. Fourthly, there is a very considerablie saving in
the cost of pressurising a chamber witn air rather than with oxy-helium.

8¢ The diving tables are therefore presented in two parts. Part I is

for siort duration dives where breath1ng apparatus is tolerable. Part II

is for longer dives of 1 hour and 4 hours where the breathing and diving
techniques are markedly different.

SHORT AlD LONG DEEP DIVES PRESENT POSITION

N

. Thare 1s a rather sharp divergence of opinion within the diving
profc J9101 about t ffectiveness of short bOtton time d]VTHg Some state
that all underwater work should be planned from an engineering point of view ir
a vanner requiring minimum assistance from the diver. Only rarely, according
a 15 minute dive necessary and the diver can be
ervals.  The need for longer bottom tinmes according
f poor organisation. The other opinion asserts
ime to decompression time for 15 minute dives is so
iving technique that such diving is uneconomic from
: me and money standpoint.  Consequently, they demand saturation diving
¢;.Jiqu's by means of which men spend many hours or even days at pressure.
is means that work on the undersea job can be carried out on a continuous
wuarried schedule.

to vth“} is more than
repiacad at frequent

s view is cvider
he ratio of bot
th present deep
1]

s given in the Report must be regarded as provisional
they have not been fully tested over the range of

/ater conditions and numbers of different men to establish
r complete reliability. Hany experimental sea dives to estallish their
dity have been undertaken in the Royal Havy but these have been ciiefly
ted.to short ner1ods due to the limitations of the sea-borne equipment.
1

T

-

es are not yet in operational use, but it is reasonably certain that
be less 1liable to provoke attacks of decompression sickness than
usly used. For ehb”olu, 100 sea dives to 300 feet for 15 minutes
ted in one bend regquiring recompression, and over 100 chamber

ve yielded two bends roqu1r1ﬂg recompression, using less

ccomnression than given in the enclosed Tables. It is to be

he:ef re that for short duration dives 2% bends will not be

rrect and continuous use of the schedules.
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11.  For the long duration dives in Part II it is not possible to advance
suca a wealth of information regarding the performance of the schedules. It
can be said that for dry chamber E“v; g these schedules would bLe quite
saf ) us ; { at sea results were c1sanpo1nt1nu with the original
cal o} at 450 feet and 1 hour at 600 feet. However, it is
app t 35 brought on when sca testing the schedules
] abic environmental control not met in the
| 5 re, depth keeping, but even so, due

Nce has aken of these results and the schedules a?ter,f in such
a manner as is mown from past axperience to lead to greater security.
RELEASE OF TABLES
i, In response to requests it has been decided to make these Tables
availadle, without 11go111g/, to industrial concerns employing experienced
divers, who wish to use them.  Arrangements are being made for users of
tnese tables to keep accurate records of all dives. Co-operation in
compiling the records will assist in the more rapid validation of the
diving tables.

PART I

SHCNT DURATION DIVES (LESS THAN 15 MINUTE BOTTOM TIME)

SOUE PRACTICAL L CONSIDERATIONS

13, The cquipment must be such that the diver can be supported in a reasonable
stat comfort at all pressures up to the maximum diving pressure for an
ndefinite period. This basic SaTQtj requirement can be met in a number of

different ways, eq. by the use of a submersible chamber with lock- -on facilities

at toc surface, a submarine with a diver lock-out system or a large diving

oell with adequate surface support.

i Jeep diving in the Royal Havy is at present based on the former, ie.

a submersible compression chamber with transfer under pressure facilities

at the surface.  The diver is lowered to the work ing depth in the submersible

shamber with the bottom door open and ingress of water is nrevented by
L

xdjusting the chamber air pressure. roliow1ng completion of his underwater
caslt the submersible chamber is brought to the surface after closing the

otton door at pressure, and is Tock ea on to a larger deck-mounted pressure
chamber dinto which the diver transfers when the pressures of these two chambers
nave baen equalised.

-

15, For short duration dives it is standard pract1ce in the Royal ilavy

0 employ gas mixtures of fixed composition, a built-in breathing system

in the pressure chamber, and to use open circuit breathing apparatus fitted
with servo-assisted demand valves. If semi-closed or c1osed circuit

vreat.ing apparatus is used, great care must be exercised to maintain the
correct partial pressures of oxygen.

16. It should be noted that when the diver is breathing one gas mixture
“ilst surrounded in the pressure chamber by a gas mixture of a different
compesition, care must be exercised to ensure that no leaks occur around
ra cals o Nouthoiecos such leaks can be particularly serious with
it ok -nasal masks.

mate approximately the quantities of gas involved with onen
hino apparatus allow 1 cubic foot of g gas per minute per
ere, or example, at 300 feet depth (10 atmospheres) one man would
cubic Teet of gas per minute, as measured at 1 atmosphere (surface
el
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18 For diving to 250 feet, only air and one gas mixture 20% OXJocn and

80% helium as well as nurh oxygen for the ascent from 50 feet to the surface
are involved throughout the total time of the dive. For dives from 300 feet
to 500 feet, in addition to air, two gas mixtures are required; 10% oxygen,
90% helium and 20% oxvqpu, 0% he11um, as well as pure oxygen for the ascent
from 50 feet to the surface.

10.  Oxygen tolerances allowable in the oxy-helium mixtures are + 1% in the
205 range and + 0.5% in the 10% range.

ddition to tha above gas mixtures a supply of pure helium is also
d and this should nave a purity equal to that of Grade 'A' (US Dureau
ie. 99.995%.

oxygen used should be a breathing grade with a purity of not less
%, and should comply with the standards given in the schedule of
Oxygen in British Pharmacopoeia.

22.  Good communications present a problem in deep diving. Verbal
cormunication when breathing oxy-helium is impossible unless a suitable
m voice 'unscrambler’ is used. Closed circuit television with
signalling is very helpful if no ‘unscrambler' is available.
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new starters to « eep helium diving, and experienced divers who have
y-off period, must be gradually introduced, or re-introduced, to these
ives. ;t is suggestcd that shallow (90 feet), medium (180 feet) and
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1€um. Apart from fami]iarising the diver with the gear and procedures,
. also adapts him bodily and mentally to the human problems of deep diving
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PART I
SHORT DURATION DIVES (LESS THAN 15 MINUTE BOTTOM TIME)
USE OF THE TABLES(1)

24, Thesa Tables should only be used in association with a good general
code ving practice.

wo divers enter the compression chambeir = - compressed air is added
until 00 feet depth equ1va1ent is reached in 1 winute. At this point the
divers change to breathing the oxy-helium mixture supplied via the built-in
breathing sySteﬂ This transfer only takes a matier of seconds. (Cn
ompletion of the changeover pressurisation re-commences at 100 fcet per
minute until maximum pressure is reached. One diver acts as attendant and
emains in the chamber whilst the other works outside in the sea. Both

i should be inside the chamber 30 seconds before the decompression

2G. From leaving surface to leaving bottom must not exceed 15 minutes.

27. Ensure that the diver is supplied with the correct composition of
gases required throughout the dive.

28. Change breathing mixtures at the commencement of the appropriate stop.
29. Dascent to depth must not be faster than 100 feet per minute.

30. Ascent not faster than 50 feet per minute to the first stop.

3l. Do not proceed faster than 20 ft per min between stops. If time is
lost on ascent do not shorten the stop times.

Lols]

32. Ascent times and stop times are shown separately.

23. Time of decompression stops in the Tables is in minutes.
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\ 200 FEET FOR 15 MINUJ fséggg { OXYGEN 80% HELIUM CHANGING TO OXYGEN  °
\; o |
S /,iaf N ASCENT TO 50 FEET ;
e e _‘j%—‘/ A Bl T3S s e bttt 3
pepn e (HES) o RATE |
1] A i hOTE
T ARRIVE | LEave ¢ (FT/MIN) |
0 _ 0 | AIR COMPRESSION | i
. 1. Descent rate NOT |
' TO EXCEED 100 ft7min. |
o' ] - Lk P oEmmem—— b
o : i &l 2. On reachin: 100 ft |
= i . divers will change to |
nr 2 } " ! 20/80 OXY"HELIUM- f
Vi i ‘ i i
60* 18 21 3 50 20/80 | DECOMPRESSION |
= i : f 3. Ascent rate to be |
50" - | 271 | & 20 *OXYGEN | approximately 50 ft/ |
) Bal | ER 1 min to the Tst STOP |
i . ;‘ —' {(60') and thereafter !
40" - g0 1 2 u [ w ' 20 ft/min between §
? ; | subsequent STOPS. i
30 VTR ’ . | 4. OXYGEN breathing |
= o f | commences on arriValﬂé§me}A
; ; : at 50 FEET STOP and<V¥}
20" _ 41 | 6 n L i for the remainder of |
| i j | the decompression |
‘ ; i y time. 5
100 | - | 854 ;14 u boe | |
? : | § t 5. ASCENT times are
: | NOT INCLUDED in STOPS |
o B 1 ! I but are additive. \
o) \ '!
E - 6. Time on 20/80 |
; - = 20% mins
| Time on OXYGEN i
; - - 34} mins. -
| | |
! 1




TABLE 1

250 FEET FOR 15 MINUTES ON 20% OXYGEN 80% HELIUM CHANGING TO OXYGEN f
ON ASCENT TO 50 FFET ;
oy TIME (HINS) ' cqpp RATE |
BEET  f ‘;S v+ ASCENT | GAS ROTES
""" UARRIVE LEAVE YR (PTAMER) |
i : - 0 AIR COMPRESSION
- 1. Descent raue NCT
100! * T0 EXCEED 100 ft/min.
1 1 - *20/80 T :
. 2. On reaching 100 ¢
o . " ; divers will change to
= ¢t | 15 " . ' 20/80 OXY-HELIUM.
= 3. Ascent r%te to be
) ~ approximately 50 ¥t/
70 = | 2 5 20 “ ! min to the Tst STOP
s ~ ' (90') and thereafter |
i ; . . 20 ft/min between ,
60 - 33 5 | subsequent STOPS. 5
e . ) . | 4. OXYGEN breathing |
50* h 393 6 FOXYGEN | commences on arrival |
. at 50 FEET STOP and
. ., . for the remainder of |
i . 42 2 : the decompression i
~ e C time. ;
nt r i n ' s . !
At - | A6 & | 5. ASCENT times are
i - - NOT_INCLUDED 1in STOPS
20 . e g i i % but are additive.
6. Time on 20/80
OXY-HELIUM - 32% mins |
0t i - 73 | 16 " w0 R |
Time on OXYGEN !
| . = 38} mins |
0 72 ‘ .
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TADI T
TABLE I

300 FEET FOR 15 MINUTES ON 10% OXYGEN 90% HELIUM CHANGING TO 20% OXYGEN
80% HELTIUM ON ASCENT TO 120 FEET AND TO OXYGEN AT 50 FEET.

v

5 ]
; | i
DE. B STOP 5
" K i GAS | NOTES
= l”l NN N o ;_a_f‘n”: _l\l. = “JJ ; i
% f i
f ' i ! | {
Ot i _ ‘ 0 ! ft ! AIR "C(}t‘la RESSION .
1 1 H : i g,_ " H
! & { (1. Descent rate NOT TO
5 ; i {EXCEED 100 feet/min
100" 1 i - i | *1n0/9 i
) | ; 10/20 On reaching 100 ft
; : divers will change to
300" 3 : g ! ‘ T ' 10/90 OXY~- HELIUS'I.
b :. i ; | 3 1
120 19- | 22 | 3 i 50  %20/80 iDECGHPRESSION {
! i i { ! ] H
: : i :3. Ascent rate to be |
< i i i f fapbroximate]y'so ft i
6ot ~ i § G 7 ) i 1ot s
R g I 28 1 9 20 ; ,m1ﬂ to 1st STOP (120') |
i : ; iand thereafter 90 Tt/
TR . ; " 2m1n between subszquent !
G = 3% ¢ 9 : i STOPS. g
i ¢ t ! ‘4. On ascent to 1 !
8 5 -t 39 | 5 . i " ;d1vers will changa i
i f g i ;20/80 OXY-HELIUM and |
; ; { ; iremain on this mwi ‘
70" i - | 463§ 7 " Lo iunt11 ascent to 50 ft. |
| ; ‘ b - s o
: : : : 5. OXYGEN breathing '}
oy P & W PR icomménces on arrival
g = L B g tat 50 ft STOPand for
; : 4 ithe remainder of the
- & : 611 i c g " *ORVCEN gdecompression time.
g 613 | ! E B i
! ; ! ; [5 ASCENT times are

|NOT INCLUDED in STOPS

" ébuﬁ are additive.

.z
2
]
“Ch
<
I
N

: : 5 i 17. Time on 10/90
i 1 i L ;! i . ol - 18 mins.
80° | o=} M| & ¢ "1 Time on 20/80

| ? | i § - 363 mihs.
e f e y X t  Time on OXYGEN :
“ - & 12 g "~ 623 mins. g

100 1 - 1073 | 20 ¢ "
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350 FEET FOR 15 MINUTES ON 10% OXYGEN COZ HELIUM, CHANGING TO 20% OXYGEN
80% HELIUM ON ASCENT TO 160 FEET AND TO_OXYGEN AT 50 FEET.
sepra | TINE (MINS) | cxgp RATE | E |
e il OF | ) ! .
LAy ] H“U - i GAS ' NOTES ‘
PErT | . fare e i i !
FESl ) ARRIVE | LEAVE (1S i (rT x;m) ; | !
| ! f i i i s
. | ; ; ; ; v ,”
o b - | 0 | ! | ap |CONPRESSION '
| ! - i ;7 Descent rate NOT TO
gzl . ; g t | {EXCEED 100 feet/min.
1§10 | | - ; i 1%
o ; | i § LR/ 52 On reaching 100 ft
> : : : ‘divers will change to
350 s | 15 | = 110/90 OXY-HELIUI.
] -f ] |
160" 19 22 % 3 50 *20/80 EDECGM?RESSION
: i : '3, Ascent rate to be
! ' H I-x'—v-\ o i -
140 - i o t - 20 i i i ‘,~ ?“0)(1 ﬁa;e]y 50 fC/
| 2% | -4 . a min to Ist STOP (160')
o ; ' l tand ;hcreaFLcr 20 ft/
'%3; - ‘ -a:_»- i 4 N : T iﬂ. \.‘."OEH SUbSEC{UGﬂt §
Poowre g i [ i i
i ) j 5 =
X | : i g i4. On ascent to 160 ft
120 - +{ 36 | & ¢ # § - {divers will change €0
| | | f | 120/80 OXY-HELIUM and
e [ | I | fremain on this mixture
110 s 433 | 7 " A 5unt11 ascent to 50 ft.
i | 3 : !
: : : : {5, OXYGEN breathing '
100* = ¥ 1 7 3 " ! u commences on arrival |
| | at 50 FEET STOP and |
f ' ! i : {for the remainder of |
oot { - | osor | g i L the decompression :
; 5 s 1 f time.
! E | : 6. ASCENT times are
80" - 1 69 1 9 i i NOT INCLUDED in STOPS ;
== P | i i but are additive.
70" =t 79 | 10 8 A i
| ? | | i | !
L : - ; g2 'l 12 !3 i ; u !
R PR | |
otk - 1 99 | T o ' {%OXYGEN |
| i
20" - w7y 7 " (. % %
| o ? | i
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£00 FEET FOR 15 MINUTES ON 10% OXYGEN 90% HELIUM CHA\C;NG TO ZOM OXYGEN |
= "4 B, Al - [ o b 1 A\ {
8C% M ON ASCENT TO 200 FEET, AND sp OXYGEN AT 50 FEET. %
e Gty e l: e f
NEDTH TIME {MINS) ; ; |
IN - i GAS NOTES to
FESE L ARRIVE | LEAVE | |
: | 2
0! - 0 - AIR i COMPRESSION
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iUU - =i priusay i
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9 t |
: i i |
: A z i 5 | DECOMPRESS ION
200 9 | 22 | 3 b s #20/80 | — :
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| ; { = | imin to 1st STOP (200') ]
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’ : 1 ? ! min between subsequent
10! - | 0 i m lm i 9 \.._q '
| | e !
; ) ‘4. On ascent to 200 ft
150 = 43 ¢+ 6 . LW | divers will change to
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i i i remain on this mixture{
140 = 4 51 7T A E 3 (until ascent to 50 ft.:
! ; ! ' 5. OXYGEN breathing
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34. ttom 2 T3 exccaded accidentally a 1 minute excess should
not ¢ alari ¢ any tiia in excess of this will give a marked
incr risk d ression sickness. llove to the next deeper
SC the M - fe mins, in which case
al 1 heo .II).
o 2 anticipated diving depth then decompress
scacdule but when using the maximum depth table
Es the eep at & pressure less than 510 feet. If
510 Tee erceedad aceidr wntally then the diver must be recalled 1mmcd1ate1y
d htc0u,rﬂss.on conwﬂnL d without delay to minimise the risks of decom-

nrassion sickness.

3. Oxygen poisoning, vomiting into the face masks, or failure of the

proper gas supply are three important situations 1eaa1ng to removal of the
breathing gear and transfer %o chamber air breathing. At pressures in
axcess of 300 feet such a change in breathing mi xture will cause dizziness

oncentration after a 1 minute d“]aj period. If such an
s decombress as soon as possible using. the EHERGENCY AIR

-~ .\,l' [} £ A
Qi aCwh. 01 -
enevtuality o
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ously decompress as soon

¢ appropriate

\t 100 feet the Tollowing stoppages commence:-

(MINS)

18
20
s
24
27
30

In the event of an emergency which requires air at deptis
s than 100 feet transfer to the above tables at the appropriate



PART 11

1 HOUR AND 4 HOUR DURATION DIVES

PRACTICAL COMSIDERATIOQNS

he eathing apparatus
be sur rounﬁcd
.i

a numbeyr of

37. For these dives it is no longer possible to use br
in a chamber compressed only with air. The diver wu%t

by an By hel atmosphere, and this inevitably resyl
additional requirements which must be m

wde {8 1

o

im ney
vl
schedules agiven below never exceeds

t a 1iTe support system will be
oxide and nitrogen content are kept

38. The oxygen pressure used in the
0.5 atmospheres and it 1s assumed tha
nrovided to ensure that the carbon di
as recommended.

39. lith regard to the temperature and humidity, it is difficult to
state the precise requirements owinJ to the great thermal conductivity

of helium and the dependence of heat loss on the absolute pressure. The
nature of the exposure is all-imporitant in determining comfort and as

there are a nJaoer of “1f‘crLJb diving s;stems and a number of different
1ife support systéms with which tqey may be coupled, no s1ng1; set of
rules will cover all eventualitie ror guidance, as to the nature of
the difficulties and how they may bn overcome an outline of the system
used by the Royal Navy will be given.

40.  The RN system consi ists of a relatively small two-man submersible
chamber which can be raised and lowered to de pth, either as an observation
chamber or with the bottom door onen, as a sza|1 diving bell. The bottom
door can be locked at any pressure up to the maximum permitted working
pressure and the chamber can be raised at great speed through the water
and tien locked on to a much larger deck decompression chamber. The
divers m“y then transfer under pressure from the submersible chamber

into the deck chamber. This technique has the marked advantage that

the divers spend only the working time in the water and all the decom-
pression is carried out in comfort on the snip.

41.  The deck compression chamber must have a double compartment and
small service 10»L, all capable of attaining the maximum working
nressure.

With this system of diving it is possible for a man to be working
600 feet and then five to eight minutes later to be back in the large
ck c1\.pnr taking refreshment or being decompressed. This is a
markad advantage in deep diving because in most watersof the world
once a depth of 300 feet is exceedeo it is very cold and men cannot
endure ]onn working periods in the water.
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43. It is impractical with the diving suits at present in use to
consider a sinale dive of greater duration than one hour, but this is
not a severe d1sadvanLag9 v1t1 the highly mobile submersible diving
chamber system used by the Royal Navy.

&4, At the commencerment of a dive the chamber is filled ”1th a

reaﬂ:ra“1n mixture of oxy-helium. This is easily accomplished by

disnlacing the heavy air by the Tight helium mixture. It is possible

to sa2o the interface between the two cases if some form of interface indicator
can be used, eq, a balloon filled with pure nelium, will float on top of

tho danse air layer. Consequently, the chamber can be flushed out with
oxy-noiium gas with Tittle or no loss of valuable helium. The c\ami er is
then lowered to depth with the bottom door open. The rate of doscent is

at 50 Teet per minute, so that for example 590 feet can be reach d in ten

- 20 =



minutes. As the water commences to rise through the onen bottom door
of the subn er31hio chamber, gas supplied via an umbili cal pipe and
controlled by the diver from an 1Jteru 1 inlet valve is blown into

the chamber to ensure that the d h of water inside the chamber does
not exceed 2 feet. The correct lr at11nﬂ gas mixture at depth can be
obtained in a variety of ways. For example, it is possible to flush
out the chamiber with 20% oxygen 80% helium at atmospheric pressure,
pressurise on 10% oxygen 90% helium to 100 feet and then add helium for
the remainder of the compression.

45. Clearly. gas mixing and accurate gas analysis are important
roquiroments for atmosphere control, otherwise one cannot move from one
gas comp sition to another with confidence. Once the divers are at
depth irnu; ing the appropriate n.xturo, they can put on their breathing
sets supplied by gas from bottle banks attached to the submersible
chamber, This means that from the diver's safety point of view he now
has two independent sources of breathing mixture, ie. one from the
shin-borne pressure banks and the other from his own irmediate submersible
chamber banks. In addition, it is wise to have a sufficient reserve
capacity of gas actual?x on the diver's back to allow him to return to
the s ’wnr ible chamber, if, for some reason his main gas supnly is cut
of f. Tne psychological benafit to the diver of this triple safety
measure cannot be over-stated.

46, In view of the fact that at most only one diver is permanently
stationed inside the submersible chamber and that for reasons stated
carlier he is unlikely to be there for more than one hour, it is not
necessary to consider oxygen replenishment of the submersible chamber

47. The large ship-borne chamber is npressurised to the dive with the
sarme cas composition as that provided in the submersible chamber.
Foilowing comnletion of the dive, the decompression inside this chamber
will probably take many hours or even days. Obviously then, a thorough
and ‘reliable 1ife support system is ossentiai. ilatters for particular
attention are, good humidity and carbon dioxide control, adequate

room for sleeping, exercising, toilet and washing facilities, recreation
and the ability to replace large (eg. bedding) or small (eg. cups of

coffee) items at will through the lock systen.

48 Attention must be drawn to the need to revlenish oxygen during

the various stages of decompression.  The percentage ¢iven on the
scnedules must be such that they are within the tolerances stated in the
tables.

1
T =

49. t nmust be re-emphasised that no dives of this nature are free from
nazard and reference must be made to the therapy tables if any untoward
incidents arise during the decomnression.
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PART 11

1 HOUR AND 4 HOUR DURATION DIVES

» of all procedures and stoppages during
r the conditions of cach particular dive,

rossibility of decompression sickness be

51 - Die neximum bottom durciions given in the Tables must not be exceeded.
52. Time on the bottom and decompression stops are in hours.
53. The correct breathino gas mixture at depth and during decompression

must be kept within the limits as stated in Table 5.

54.  The oxygen partiagl-prossypre rust not exceed 0.5 #F. Oéhfyv44\§,1

~&5. The carbon d part1 ] syre must not exceed 0.5% of-ome s
atmospaere mrﬁﬂﬂéeT

=
-

56 The nitrogen content of the mixture breathed must not exceed 2% of i
the total gas nr+sbu._. i .
;4

57. The humidity and terperature must be adjusted to ensure comfort.

5 Tha bottom time is taken as the time between leaving the surface and
leaving the bottom. ‘

50. A1l doscents to depth are not to exceed 50 feet per minute.

A11 ascents from denth to the first stop are not to exceed 50 feet
per minute.

61. The rate of ascent between stops varies and is given in a separate
column for the various depths on each particular schedule.

62. Time srant moving from one stop to another is quite short and is
ed i top times, except for the final pressure change from

Ga . For current RNl Recompression procedures see Appendix I Pages
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(D e = =

" m
= -

S‘_j' OO IR N

= ey

(]

the STOP times except for the

| : :
2 55 25 4, ASCENT tim s are included:in
i

final pressure chanuc from 10 FT
to surface.

—t
[N
™o
(o]

5. Carbon dioxide {CGz)'to“beg

maintained at less than 0.5%
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i

STOP (305"

i
o
(5]
LE8)
Lo}
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o
(e}

| STOP {
; i ;.50 FT/MIN to 3rd STCF [170')

y e 2n | [ 45 FT/MIN to 4th STOP {125')
; ik BT e 35 FT/MIN to 5th STOP (90')
i - ' ; 25 FT/MIN th STOP (65')
| 5 ) § 20 FT/MIN th STOP (45')

= G t | &3 { *E AT c I {20
[ ; Sl f o T t 15 FT/MIN th STOP (30') -
! ! 3 ‘ ' ‘and thereafter 10 FT/MIN beiween
= f ' STOPS. :

! ~ t12:30 3 3 4 35
| | i SCENT times are inciuded in
| . ; i he 510¢ uim s except. for the
; = 15,00 { 23 25 al pressure change from
i { I FT to surface. ' ‘
% 17001 2 0o . Carbon dioxide (C0p) to be
§ SE LU i Z O ) -
, b | i N maintained at less than 0.5%
: i ; ; effective concentrations at sea
| e IR L fevel (1 ATM) TABLE 5.
[ =m0 ] Taef g cfevel (AT TR
! | | | 6. TOTAL TIME OF DIVE
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i = ....4.:30 ! .;% .EC’ ’ !
| |
| ]
o !
| < H
2] ; i !
w | | |
- | | |
. z
{ i i

PR




lMuL_ u

o TTNC i SATE

Rtl i S8 Tme | I NOTES
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T | comRessin

uO.GO_* i - T. DESCENT RATE NOT TO EXCEED
a JO!I/HIH

o' -

é % i | 7. DUring COMPRESSION/DECOMPRES- |

100' 1 00.02 | = | SION the required oxygen partiai !
! | { : . pressure is 0.5 ATA and must
R O | | always be kept wi un.n the limits
600" | 00.10 |[01.00 5% as stated in TABLE
i | i !
=mi l Y ' I A1 - i i E
35 01.03 {01.30 - 3 ;; 50 l COMPRESSION
. g SCENT RATES to be -,_;ax.
265 - 104.00 { 23 || 350 ? 50|F JMIN to 1st STOP (350')
! i | 50 FT/MIN to 2nd STOP 2"')

i ' 50 FT/MIN to 3rd STOP (200 %
|07.30 % ¢ %0 50 FT/MIN to 4th STOP (150
| 40 FT/MIN to 5th STOP (110')

T —

30 FT/MIN to 6th STOP (80'

T

20 FT/MIN to 8th STOP (35')

i
150t - |ITL00 o3 80 | 25 FI/NIN to 7th STOP (55'
] i ‘ !
; ]
|

15 FT/I‘K to 9th STOP (20')
thereafter .O FT/MIN between

; | and t
| : { STOPS.
] ™% i i
i i i - A ASCENT i
80" | " i17_¢0 i3 | 30 *;,;:&::* times are included in
; , ; the STOP times except for-the
: ! { final H*essur; change from 10 FT
55 23 25 1 N
! ay n dioxi (CD ) to be
o S 5 | maintained at : s than 0.5%
35 = 122.30 23 Zu effective concentrations at sea
¥ TEVE} (3 hl”) :ﬂBLE Oo
| 1 -
. P : 6. TOTAL TIME OF DIVE
20! = 24.30 7 it 19 i e N
i - 26 HRS 31 MINS
;1 DEC P E Idh TI“M
10! - 2 i) | 145 o
L 26.30 | 2§ 10 - 25 HRS 31 MINS
T I} ; .
' | 26.31
| |
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- | 00.00 | i 3 E NOT TO EXCEED
| ) i - L__Ji____.
o E h 12. During CGJ?RESSIO\/DFuﬁrjﬁ:S-
IV I { = i i T
: | E e !SION the required oxygen partial
i f ; h jpressure is 0.5 ATA and must '
' 00.04 | 04.00 | | talways be kept within the limits
P P I gas stated-in TABLE 5.,

D

H 0 DECCI{PRESSION

04.02 | 09.00 j.
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Pa——
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E
I ek 50 FT/EIY'to 1st STOP (105')
- i ‘C,r‘ § {\J o Pees pagen . ~ \ '
e g S | 30 FT/MIN to 2nd STOP (75')
a ; } 1 - 25 FT/MIN to 3rd STOP (50')
- 1l 17.00i 4 i 05 | 20 FT/MIN to 4th STOP (30') -
Pt | jar d _thereafter 10 FT/MIN bétueen
- j2100f 4 @ 20 14. ASCENT times are included
| i ; e |in Tthe STOP times except for the
{ ! ' ; ifinal pressure change from 10 FT
£ - 23.30 ¢ 2% | 10 ito surface.
? i ? ; ! i5, Carbon d1on.de (CO2), to oe
] ] { i fiiaa at
! i - 28.00 | a1 i 1 ;'& tained at less than 0.5%
! B0 { | N ef tive concen trgu.ong at.
% ? i ‘ evel (1 ATM) TABLE o. .,
l28.01 |- g | ;'; TOTAL TIME OF DIVE
! ! | | - 28 HRS 1 MIN
! l ! il | DECOMPRESSION TIM
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E | { i | .
A |
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!I. ULbLﬂ.J“ RATE 51' T tO Ca\bit
150 FT/MIN.

EL. During CQH.RESSLOJ/DuCO PRtS—
{SION thc required _oxygen partial

g
[}
(]

;tresca .s 0. 5 AT‘ and must
iu!waj be eph within the 1sn1ts
las sta ted in TABLE 5.

w

DECOMPRESSION

1 3. ASCENT RATES to be approx.

50 FT/MIN to ist STOP (140') .
40 FT/MIN to 2nd STOP (100').

© 30 FT/MIN to 3rd STOP (70°) .
2\J F /ai.\“' to &'th STOP 50')
20 FT/MIN to 5th STOP (30')

jand thereafter 10 FT/MIN between |
| STOPS. s =
T times are included in

;l"mtihn..s ex k..;Jt TOV‘ the
P”“SSLrﬁ change from 10 F

e

mn
w
(&% ]

[ i )

arbon dioxide \302) ﬁo'be
ntained at 1ﬂss than 0.5% -.

L

(o]

(23]
o

j et ect*ve concentrations at sea
evel (] Aln. lnBLt B

5; TOTAL TIME OF DIVE
- 34 HRS 1. MIN
DECOMPRESSION TIME

: - 30 HRS 1 MIN

SR | S,
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R o if
!
ul - CJ.C: l
100° | 00,02 | & 1 | '2. During COM ESS*UI/“'T’ RES-
{ | | SION the requa*eu oxygen Jg.u.;;A
‘ | i  pressure is 0.5 ATA and must

co" 80.06 (04.00 | o ' always be kept within the 1imits
3bu wd.Uo } G:-.CO i ' , 5 p.: il 2
; | | ‘as stated in TABLE >.

120 | 04.023 109.00 |, 5 ﬁ 50 | DECONMPRESSION
i | g |3. ASCENT RATES to be approx.
a - (15.00 { & | 50 | 50 FT/MIN to Ist STOP (180').

|

;

| 50 FT/MIN to 2nd STOP (130 )
{35 FT/MIN to 3rd STOP (95
{

i

|

l i TOP .L:).
93} - |20.30 | 5 35 30 FT/MIN to 4th STOP (65')
; ; § | | 20 FT/MIN to 5th STOP (45')
| st | R Y PN S oy | 15 FT/MIN to 6th STOP (30°)
B L oY tand thereatter 10 F|/M;w between
| g | | | STOPS. e
boast | - 120030 | 4 . 20 24. ASCENTtimes are included in
| | : i | the STOPS time except for the
; ! f i final pressure change from 10 FT
| 30 - 3300 { 3 & 15 | to surface.
| i __i5. Carbon dioxide (CO ) 0 be
l
{

, Vg oy} | . maintained at less tnan 0.5%
= g 353-°3 2 i 10 ) ;m.;echgve concentrations at sea
| s i tlevel (1 ATM) TABLE 5.

10 .?6 TOTAL TINE OF DIVE

il 40 HRS 1 I‘lal‘

W SR ; g | DECONPRESSION TINE
Ul 40.07 i i, 4 !
| a | | | - 35 HRS 1. MIN.
| B i 1 |
* * : t :
; | i |
i t J !
| | L | |
S | | 1
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; - 1 00.00 i T, DESCENT RATE NOT TO EXCEED' |
| | | .18 FI/MIN, Ry
‘ i E §

‘3 0? i i H 32. ud ng CU'PHLSS Ugccljiigf

T | it -;_0 “the- required UAy en partialj

e e e | pressure is 0.5 ATA end rusu -

W i 2lways be kept within the limits '

00.07 | 04.00 i g i i sk

E i as stated in TABLE 5. - o

NECOMPRESSION
| 3. ASCENT RATES to be approx.

(&)
I
(@)
(&% ]
o
O
(2 ]
(=]
o
o
O

50 FT/MIN to 1st STOP (220%)

; " 45 FT/MIN to 2nd STOP (165')
% i . 45 FT/MIN to 3rd STOP (120°)

- | 21.30} 6} 45 35 FT/MIN to 4th STOP (85%)
| : 25 FT/MIN to 5th ST0P $60‘)
3 ; ) i 20 FT/MIN to 6th STOP (40')
- 27,30, 6 4 35 ! and thereafter 10 F /41h beﬁhu“ﬂ
i ] : STOPS. | |
B 2230 5§ 25 4. ASCENT times are 1nciuded in

Lhe SlO‘J times except -for the

final pressure chance from 10 FT
to surface.

na
(|

i i t 5, ‘Carbon dmoX?uh ({ 32) to "bhe
| . i maintained at less than 0.5%
30 - | 39,00} 23 & -10 effective concentrations at sed
| ‘ | Tevel (1 ATH) TABLE 5.
. : i | ¢ TOTAL TIME OF
Ca |- % a0l 23 47 10 | 6. TOTAL TIME OF DIVE
3 | L i - 46 HRS 1 MIN.
; i i ! i. DECOMPRESSION TIME.
i - : i 1 : .
B R - 42 HRS 1 MIN.
| 46,01 | i
| | :
| ; |
| | E
|
= | |
= 33 =
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cLAFSED 11IBE i
| (HRS & MINS) ! | ,
; , i | NOTES
IARRIVE | LEAVE | | |
| | | |
o | — . i
Voo B Bl i | 7. DESCENT RATE NOT TG EXCEED
' : | - 50 PN
| : |
160! 00.02 - E i i 2. During CLJPRESS:C /uhCO"“’"
| i {SION the requived oxygen partial
: : i | e tpressure i is 0.5 ATA and must be
{-400' | 00.08 | 04.00 | 'y ;kept within the Timits as suated
Y ? ? | lin TABLE: 5.
REWE PO r =y 5 -
t 265 | 04,03 ' 09.00 . 2 1 50 DECOMPRESSION
E | i | 3. ASCENT RATES to be approx.
2Cc - | 16.30] 63 § %0 50 FT/MIN to 1st STOP (265*)
! 5 ' - 50 FT/MIN to 2nd STOP (200')
Reni b ] e © ~ 50 FT/MIN to 3rd STOP (150')
| 180 R A 40 FT/MIN to 4th STOP (110')
! ? f ! ! 30 FT/MIN to 5th STOP (80')
e ‘ N 25 FT/MIN to 6th STOP (55') -
BELLE MR TR I 20 FT/MIN to 7th STOP éau‘ﬁ
f - | | I 15 FT/MIN to 8th STOP (20')
t o .l R ' and tberEuaber 10 FT/HIN between
e’ - 34,30 ; 53 I 30 QSTCPS. ‘ .
H H i |
_ } : : i 14, A .u.s\T times are included in
b B3¢ = 39,30 5 i 96 : the STOP tinies except for ‘the
| | o { i | firal pressure change from.10 FT
i : . d { to surface. AL L
P - | 4400} 43 | - 20 {5, Carbon dioxide (CO,) to be -
i ' H maintained at Tess than 0.5%
SN . e 1 s effective concentrations at sea
et - | 47,301 3% .0 15 -llevel (1 ATM) TABLE 5..
. = i 6. TOTAL TIME OF DIVE
10" | = | 52.00 . 4 o - 52 HRS-1 MIN. |
; 5 DECOMPRESSION TIME
0 | 52.01 | | s
| | I
1 f
i ; oy |
| ; %
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| T T0 EXCEED
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' 100' | 00.02 - RESSION/DECCIPRES
: . 7 ed oxygen partial
f ; % | ATA and must
! 450" Eﬁa.gc [04.0 ! within the Timits
EU b E o ABLE 5 ;
. S S r B S - -
305' 104,03 {09.00 |- 5 50 DECOMPRESSION _
| ! ;
: : t 3. ASCENT RATES to be approx.
’ e : ™ . ” :
230 - 416,30 1 7% I 50 ; 50 FT/MIN to 1st STOP (305')
o i | ! 50 FT/MIN to 2nd STCP (230')
i g ! 50 FT/MIN to 3rd STOP (170')
17C = 120,30 ¢ & ¢ 50 45 FT/MIN to 4th STOP (125')
) | i | 35 FT/MIN to 5th STOP- (90')
7 | t 0 {25 FT/MIN to 6th STOP (G65')
125 - |32.00 § 7% | 45 20 FT/MIN tc 7th STOP (45') |
| | 15 FT/MIN to 8th STOP (30')
; i ) and thereafter 10 FT/MIN between
S0 = i:S.SG 6 |l 35 STOPS. 4
1 - I E 4. ASCENT times are included in
| &5 ! - a3 g o5 the STOP times except for the
| . b T i final pressure change from 10 FT |
| 5 { ; ! to surface. f o
A= T ?f La) ’ ; i %i ala) .
| 45% | - |47.30 | 4 1 20 5. Carbon dioxide (CO2) to be 5
i ! ? maintained at less than 0.5%
é ! effective concentrations at sea
30" | - (51,00 } 3% i 15 level (1 ATM) TABLE 5.
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! : | 6. TOTAL TIME OF DIVE
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(@]
1

1
(€]
Q
(o)
o
wnel
(o)

DECOMPRESSION TIME
" - 54 HRS 1 MIN

< | i

3
. !
] | |
{ Al | EQ ! !
v 1 90evi =] i
H i i
] i t i {
| i ! |
h y ; 1
{ ! |
| = L {
| | i
i i | |




TARL B A
| F R LS Sos R

o

00 FEET FOR 4 HOURS
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P
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e M) o CA NOTES
EET | ! { HOURS | ot |
: ! | | (FT/uIN) i
| | ! |
| i [ il |
i - | g0.00 | i © | COMPRESSION
| | | | " | T. DESCENT RATE NOT TO EXCEE
i | ; | 50 FI/MIN.
00'} 00.02 | - | | 2. During COMPRESSIC!/DECOMPRES-
i ! 0 SI0Il the required oxygen partial

i pressure is 0.5 ATA and must
! always be kept within the Timits

P S |

5C0*} C0.10 | 04.00
i
|

tas stated in TABLE 5.

350'( 04.03 | 09.00| 5 || 50 |.
| : | f | DECOMPRESSION
265" = g 16.30 | 73 ﬁ £o 3. ASCENT RATES to be approx.
i | ' | 50 FT/MIN to st STOP (350')
| 50 FT/MIN o 2nd STOP (265')
200 - | 25,00 8 50 50 FT/MIN to 3rd STOP (200')
| | . 50 FT/MIN to 4th STOP (150')
: 3 I 20 FT/MIN to 5th STOP (110')
50" -{33.00} 8 { 50 30 FT/MIN to 6th STOP (80')
| j 25 FT/NIN to 7th STOP (55')
; | 20 FT/MIN to 8th STOP (35']
-|40.00} 7 | 20 15 FT/MIN to 9th STOP (20') .
_ { ﬁ and thereafter 10 | T/HIN between
= O o STOPS.
46.004 & 130 |y ASeENT times are included in

! 5 ' the SI0P  times except for ‘the’
: 4 final pressure change from 10. ft
i : to surtace. -

(&3]
W
(o]
(83]
(T8
N
[$3]

| 5. Carbon dioxide (C0s) to be
' uainiaihcd at less than 0.5%

(4]
(93]
.
(o |
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S
N
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1eve? {1 ATM} TABLE 5
6. TOTAL TIME OF DIVE
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2
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59.30 |

| | i t - 64 HRS 1 MIN.
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i
i
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i
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""" e | e | (MAX Zage)
1.00 | 4.30 | 4.55 045
10.85 | 6.36 | 4.6 046
10.70 | 4.43 | 4.68 046
| 10.55 | 4.49 | 4.74 047
| 70.39 | 4.56 | 4.81 048

| | 10.24 | 4.63| 4.8 c

i | 10.09 | 4,71 | 4.96 049
| | 9.: | 2.78| 5.03 050
| | 9.79 | s.85| s5.M .C51
| 3 9.64 | 4.94 | 5.19 051
; 9.48 | 5.02| 5.27 .052
| 9.33 | 5.11| 5.36 .053
9.8 | 5.20 | 5.45 054
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{45 I €o]
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- [ &5 ]
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(%)
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-
o
w
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31 6.16 .08l
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05 .83 | 7.08 .070 |
6.91 99 | 7.24 .072 |
o ; %

| 75| 7.40 0  .074
' 57 | 075
5| 077

\ . 7.75 |
G 7.66 | 7.9 078 |
6.15 | 7.88 8.13| .81 |
§ .03 8.33 | 083 \
5., 8.55 |  .085
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TREATMENT OF DECOMPRESSION SICKNESS FROM OXY-HELIUM DIVING

use of any oxy-helium diving tables at present avai?ab?e,

n ublish re is a small but i“ﬁvitabi risk of
de ickness., A the current RN t1 r treatment
is Alr Diving T: and 1 g "“ﬁ c
St gxcent tha p ous cases. F 1t
W ‘a’ Lw 1 i LMO JTVCi 'lh 'i‘i‘-« J‘-f i e
566 WHEN THESE IUM TABLES ARE USED IT

TS H - -

L ED IT 1
AJE.LJL."‘it Pf(\)J ‘.b"-‘du Eaw] ;:-"n-);.. RIS THE EJ..-CNCS
DECOMPRESSION SICKNESS.

8. It is essential for the divers and their employers to appreciate
that there is an aduitionn? risk of ascpc1c necrosis of bone. This is
an ;:,:,uh.una. nazard of a1 who work in raised environmental pressures
and an annual radiological examination of 311 divers who use tiz.c tables
is to be “rrange Full details of the facilities available for these
X-rays can be obtained on application to the MRC, Central Registry of
C0m,.~¢ded Air YHorkers, Un:vars1q/ of Newcastle-upon-Tyne, 20 Claremcnt
Place, Newcastie-upon-?yne 2.

CL

- -
.

68. It is impossible to describe a1l
in & technical memorandum such as thi

the medical aspects sufficiently

wn

69. In commercial diving it has bccome accepted that the diver in th
Tirst instance, will be trected by his fellow-divers, but the advice of
a suitably experienced medical practitioner should always be readily
available,

1 (D

70. The symptoms and signs of decompression sickness have already been
summarised in the addendum to the r;R DIVING TABLES previously issued.
The m;.;.hstazaors of doccuuﬂ:¢‘1on sickness which follow oxy-helium
diving are similar to those winich result from air diving.

71.  TREAT ALL UNUSUAL MANIFESTATIONS AFTER OR EVEN DURING DECOMPRESSION
AS DECCHPRESSION SICKNESS UNTIL PROVED OTHERWISE.

T2, -member that decompression sickness can begin before the diver

as rguched the surface.
73.  TREAT ALL CASES OF D'CC“““hSS N SICKNESS, WHETHER THE DIAGNCSIS
-5 CERTAIN OR DOUBTFUL, 2V IMMEDIATE RECOMPRESSION.  DELAY CAN

DWNCf?bJS AND MAY JLLu” THE ILLNESS TO PROGRESS IRREVERSIBLY.
“Ou.i”SS TO AT LEAST THE DEPTH OF COMPLETE RELIEF OF ALL THE
SYMPTOMS,

74. For di'a:s whose symptoms begin at aimosp:."xc prassure the
recompression is most convenicatly begun with compressed air. The
axygﬂn-b ~eathing treatment tables giveady descr;bed in the annex to
the Air Tables, shou]c be used. IT full reiief does not occur witain
ten minutes at 50 ft then fu nar "cccnowessioa is immediately required.
Compressed air is an un D¢ the very great depths
th : led t i ?e uuse of the

er when at reised




pressure from that of compressed air to oxy-helium, compressed air is

not ©o be used at depths greatler than 60 feet. Conve ntional recompression
to 165 fTeet with compressed air might cure some cases, but, for the sake
of those whose syn.,oms remain after reaching this depth, further recom-
pression from 60 feet is to be by the addition of pure helium to the
chamber. This keeps the partial pressure of oxygen below 0.6 atm
whatever depth is reached.

75 Recompression has, on occasion, been req uired to depths in excess
of the original dive. ;efiaf of symptoms has been at depths greater
than 450 feet on a number of occasions.

acilities are capabie &
comfort at all pressh.e,
ite period.

76. It is cssential that the recompression f
supporting the divers in a reasonable state of
up to the maximum diving pressure Tor an indefini

-t

The charzber must hav

, c':-

-~ -

0
he diver 17 necessary. i
osphere control system, in
crubbing, and oxygen analysis and
maintain a partial pressure of
pressure of carbon dioxide less
oses there must be a sufficient
wrt

[ e B

C
accitioner may be locked ia to at"J;
hamber must be fitted with a compi
riticular, carbon dioxide analysis
replenishment facilities to mon itor
oxy” 1 of 0.2 to 0.6 atm and a parti:
tha tm. For LP’YLPGLE:C pury
T netium avg1iabie at the st

o

&S Ve
| J = o

of the dive to allow for both

O

compariments to be taken to the maximum pressure from surface on two
occasions.

t which the maximum pOSS1bIe relief of signs

o

hed ¢ should be held constant for a pericd

78. Decemnression is at the rate indicated in Table 5. This rate

is cependent on the depth of relief, the table being c::ur;d at that
pressure.  Foster rates of ascent than Table 6 are NOT recommended.

80. Any recurrence of s;mpuoms or onset of new symptoms during the
therapeutic decompression is to be treated by further recompression to the
nev. .-ath of relief, the subsequent decompression, after 30 minutes at
that uepth of relief, must be at the appropriate therapeutic rate, or

AL S A

SIUL “i

81. For divers whose symptoms begin during the decompression from the
original dive, ie while still breathing oxy-helium, the tTegﬁhént is
essentially similar to that described a]ready Rucompress, using pure
helium, to the denth of complete relief of symptoms, wait 30 minutes

at that depth, then decompress in accordance with Table 6.

82, A7.cr decompression sickness (whether or not it was severe encuga
to riuire rhcom:ression) a lay-off pericd of 5 days at atmospheric
pressure is essential in order to prevent recurrence of the manifestation
on the subsequent dive. Flying at altitude greater than 1000 feet and
mountain ¢limbing are also to be avoided within this period.
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OXY-HELIUM RECOMPRESSION THERAPY

r 30 minutes at depth of relief, decompress at rate

RATE OF ASCENT (FT/HOUR)

- 330" 12
- 250 3
“ 180 5
= 70 5
- 40 ‘
o 10 3

2

: Put discontinuous
fect are acceptable.

is very Tlimited.

ble to ho]d the iast few

f the doors of chanm una
zh_u of pressure an acceptinie alternative is to remain at
10 ft for 6 hours and then surface in 1 minute.

ay ar i abe
\re \

DURING DECOMPRESSION

0.3

rn
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or samp

atm preferr

naximum 0,005 atm.

les analysed &t atm
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